CONSTRUCTION DATA MANAGEMENT SYSTEMS AND
LESSONS LEARNED

“The views, opinions and findings contained in this report are those of the authors(s) and should not be construed as an official Department of the
Army position, policy or decision, unless so designated by other official documentation.”

US Army Corps
of Engineers #




N

. To take lessons learned forward







1957 — Com uting Station
4
.p ?

Technology
has radically
changed our
world
\

- ] s . s ; J \
M1Z5 2o Ust 1957 0l4 hick';'-r}r Power FPlant = D
N

Index Test - Computing Statien



https://usace.contentdm.oclc.org/digital/collection/p15141coll5/id/6076/rec/498




We forget sometimes, how fast things have changed
NIC Takes a Big Gulp of Water Control Data

Water Control was one of the first offices in the N B TR
district to use the Internet. Rich Engstrom and Lance P2y il
Klindt created a home page to revolutionize many
day-to-day activities there.

Engstrom, the water control systems manager, and
Klindt, a hydrologic technician, formerly used a
miniframe computer to capture data collected from
the more than 200 gage stations scattered throughout
the district.

“Forecasters are on call 24-hours aday,” Engstrom
said. “Sometimes they would have to call from
home, dial into the miniframe, and type computer
commands. Forecasters were the only ones who
could really access, interpret, and use the informa-
tion on the miniframe.”

A decision to phase out that system prompted
Engstrom to suggest creating an Internet home page
to replace it.

“I saw someone from another district demonstrate
ahome page. Investigating other home pagesbecame
exciting as we imagined how to improve our jobs.”

Their system helps more than district forecasters.
Formerly, customers outside the Corps would call
by phone when they needed water levels. During the
Great Flood of ‘93, an estimated 300 phone calls
came in every day. Since customers are now using
the Internet to find data, an average of 30 phonecalls ~ Both men see ease of use as a major advantage of
come in during flood events. their home page. Also, the information is nearly real

“We're starting to receive e-mail from people all time. Gage data is transmitted via satellite hourly to
over the country,” Engstrom said. “The United the water control center.

States Geological Service and other agencies use our  “Our biggest accomplishment is getting data avail-

USACE - Rock Island District
1996

“l saw someone from another
district demonstrate a home
page. Investigating other home
pages became exciting as we
imagined how to improve our
jobs.”

Lance Klnd'r checks latest water control data.

Story and

home page. I even had e-mail from some fishermen able to the public that has meaning and is still cur- 2 ho?o by
; ; o S : Denise Tyler
in Fairport, lowa. rent,” Klindt said.
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Leveraging the internet and increased computer power
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We have a LOT of data to compile and understand.
BECUASE of the improvements to our tools!



USACE Evolution

Verification Methods- Our tools have evolved

......

Plumb Bob

Sensor Unit

1970s Seepage Wall Element Verification US Army Corps
9 of Engineers ®




USACE Evolution

Verification Methods

Center Hill Dam - SB52268
SBS2268, 04/16/2014

Area =171 f*
Perimeter = 14 7 feet
Diameter=56.0 £ 0.1 inches

Area =171 ft2
Perimeter = 14.7 feet
Diameter =560 +0.1inches

Centeroffset = 2.1+ 0.1 inches

Center offset =2.3 + 0.1 inches

Depth = 106.0 feet

Depth = 116.0 feet

Area=17.11*
Perimeter = 14 7 feet
Diameter =56.0 + 0.1 inches

Area =171 f*
Perimeter = 14.7 feet

Center offset = 2.1 £ 0.1 inches Diameter =56.0 + 0.1 inches

Center offset =2.0 £ 0.1 inches

And now we can easily measure and plot multiple methods
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We are gathering data in so many new ways
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Optical Televiewer

200208-A-B0243-1046 Mosul Dam
Brooke Hubbard, a civil engineer from the Unmanned Aerial Vehicle (UAV) section with the Jacksonville District explains technology used to U.S.
Army Corps of Engineers' South Atlantic Division senior enlisted adviser Command Sgt. Maj. Chad C. Blansett during a recent visit Feb. 8, 2021.

(USACE photo by Mark Rankin)
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LOTS!I!

of Construction
equipment comes
with automated
monitoring.

(Are you looking at that data?)
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We need information at the speed of relevance




If all these
machines are
making data — do
you want to type
it all in??

Do you want to
copy duplicate
data into your
data tables?
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of Engineers ® U.S.ARMY




iii"‘

Ar'e ypu Ready'?

- . d { ):.7%

‘,"‘




USACE Evolution

Changes in Data Management

Construction
Supervised by:

US Army Corps
of Engineers
Nashville District

Wolf Creek
Foundation Remediation

980,000 SQUARE FEET of
SEEPAGE BARRIER WALL

CONTRACTOR:
Treviicos - Soletanche JV

Jamestown, KY

10/16/2008 14:54
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Imagine Getting the da arth Pressure Cells
e Teletensometers
e Extensometers

¢ Inclinometers

* 4,850 holes drilled & grouted to completion * Hanging Pendulums
. Y e Accelerometers
348,652 T length of drilling : e Manual Water Level Gauges
e 39,227 m? of grout (22,177 tons of solids) « Survey Monitoring Points
e 1.3 Washington Monuments by Volume e \Weirs

le
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While Simultaneously building and updating the subsurface information — including still finding historical data
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Barrier Wall Concrete Results - Verification Water Permeability Testing

Verification Program - Permeability
Paper Map Printed: 2/15/2016
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And comparing all your verification testing with this data
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Finding the needle in the digital
haystack!
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So how do we do we solve the problemr?




see it quickly.

Hard to get to all the people who may need to

Figure out what data management system
you are already using
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What’s the format of your data?

Boring Desngnatnon Boring Designation  P1+40
DRILLING LOG (Cont Sheet) INSTASEATION ; SRR 3 DRILLING LOG (Cont Sheet) e S e F |e|d BOO kS
PROJECT ] COORDINATE SYSTEM S HORIZONTAL ; VERTICAL PROJECT COORDINATE SYSTEM THOREZONTAL  : VERTIGAL
oAtE Mot DKWY TR (T114T) Poumm fomsL Dale Hallow Dam uTM ! NADS3 | NGVD29 '
LOCATION COORDINATES v 2t 3y 15,3 ELEVATION TOP OF BORING o . LOCATION COORDINATES ELEVATION TOP OF BORING D)
W 35 37 53 e N 8032387 E 2129853.424 560 ]
] r— % FlELDcms&z(;g:r:g\:)SFMATERIALS & uz; §a\= 5 RENARIS §§ § M p— E FIELD mﬂm:;ﬁ;ﬁrwﬂmm X ; §¥ 5 S q_g;g g B~%§ W 52;7; —
] o UL 0.1 Pk N 2/,
o4 Grls E D-ZZé \J\/ ) ',/[ﬂ
[l — 3 g - 16 16 543.0 [ 16.1 ;:flam _ a 16 D¢ -6R R 3? 29
L \ F E D’C -2557( P 2k ":Z‘L
1 i =
- - : Gw-12_|T [ F#Ad A
. + = ¢
17 p - 17 |7f_FN . . -7 _G:w,/z D _{/’{_C, e 8 £
¢ B 15427 | 17 ster F s
5t = .U
/i S0z 1174 U op . 0 pin : Gw-14 4] m?j_g___f_ DXl V25
5414 | 18.6 F—J°r F — =
: o : ow—zﬁB P\ 7.¢ 0 17. 19 | Z.dd
- 19 19 540 [ 191 op. bad pinwist LW 100% at 6.0, maintained to [ ﬂugﬁ‘/?\ P _7 f:) {+—t—
ULo.T i i £
15405 | 195 Gr, |51 L - E_Ow;y‘} P /{"{ _7 Ls —
Si0.4 |10 J 0P bdd pin wi st B { i 5
DO [ | Ful: 2 [ r’PZ’:&}{D _)’(JI) — —=
:ﬂEA 1ﬁ2 ] ?srcllss Ran: 104t - : [» P =7 b’é
N - 20 20 = Loz ! Rec: 4.8 | 20 ]Z’;‘ﬂﬂ /1D |5 \ a3
4 5398 L 202 M. bdd pin i r?ewmﬁ:' 19.7 10 29.7 [ /5 ;”)
: lor s ans.g; ] Ef [ p?x]f gF K < -
2} - uLoz Lossi 521 - == 77 4
e : 23R |K |2l TC :
i <t 5.2 B ] tart: 745 | . L5
21+ . : Loss'. 2+ - 21 21 3 ekl Stop: 815 g P2-%59F H ZC. /L WA 5 L
(N | ] [ F
314 § i e— - H 1586 | 014 B - “
T R0 LR corpt? B — | Cifiled cav; UL 48 : PZ 557 KCH Q/ L
1 - 1NGE)
22 - L - 22 22 o - 2
¥ 7 ’ i 23_: _ ; :
/ [T T[] i | . US Army Corps
LRN FORM 1836-A Boring Designation  ___ SHEET 3 of 14 = _IJEN_:_FORM 1836-A Boring Designation  P1+40 ShEETzo 1 O Of E n g ineers ®




] T T Yellwlsh brown and A3 e i Ad
R _J| | |n. = T, e n”»‘:.:n_ EL 31 L . ‘rary ol Drom, wory SO, low plactoty, dry
21, bleh pl Srerams, wary ks,
" lad, i NERAEECHENC)
S % O = 20—109 SeTART :‘:J:M sty ko e OLML, grary. boowr, and yollowlsh browe, sii Ll in Bl pa; o et
| 148" 5 BB, T F i ¥ ELG0LseFL Al srarthem pastjefty, @y, sl s auras 4 it browe, gray, and yollowlsh SAT Dur Sutaty
Ll N 12,0e" dimta 58,3 272 kst 4 Inches o I;u_rlgamm; rgnm;“nm & __I--—n pockels. very ¢if! 4 1o 8 feal, 71-1'1F.SH-|H . ;-d:l' ,';'-1' sl 12 ey s, | | Producton Cence
15 2 7T S, ekt by B T H106,68:18,75.2 iy Bandy 81 6 to.8 Inoh
L | . e 3’“’"‘”‘- B tessl ."J.'.ki'p. ¥ ST ey e um|||g-| T 11 -.rr-’ werfea] sand e :?
T o lerimeiens ———— I 2and Atmaeos below =8 _| i e s 40130 2 s B e, -
— = CL=L— k] TET: i
e £ 9 | | g ;de“‘ u-; L Bl a1 ,'_1_.'.\_, «  redoleh brown and llgt gray sdi, los g gray 3
o /\\. = Dlad clty. Ory. o, Olsticky. mrolst, with sliy pockess and seams iy 21 mer
| ;‘_". . whh wertlcal sara tls:
2 u._.'.u._h.r_L_u..:'.
i /}. = 289 'n:cls:- e and llght gray, mn-cl.r— dunsg,
.{——'— | . ncnsplasilc, wat, wEh sand soar
| Wi, madum dansa
| s Tacstle. Arvemgradried unfe
b, iy ST, Blg plasdclly. molst
-~ [ A5 A6 . A8
BORROW AREAL
| ;"J,'Ja g i
= £l and el an T P
- 1 g e p— 1261234714 620 o) = 420 EL 903 In Fl 58.3: F1F
|I o B e e [acan nry o206 :-:1-1- 5.7 e, wory lpos ;
k\) r . '} nac-sluale, doy "9'\-513511 dry e i 1, =
. [ [11m124, 25m12,90.1 11-124,38-93.61.6 - ' foat nar-plaste, doy
Al @ 'ﬂ_“'a'-"llt = B0 PR gray, "‘"Uba-n-b e 110" = : Lt bl 11-1153741.51.3
. E — s ary o ormeen vy yelfotsh —brown and gray, =¥ 120
- = == mn:l-'?‘hm—lalg v brown and “adcleh el Itl-IA'-‘ldh' dry Nlaht gravy amd *“"“'k"
= d [rea um plastic . dry m with san fsauras and Lrwn, 31T, Wit plactichy,
q\‘. a-..,-’ ] .' 2 12 E 24 e FR; seafened mots ary. wih vrtbal zand it
= = 23,00 e * light grary, madhem . —_— EIBA 30 F1 50 3
.-f} AB ATE® As@ / | T T e ndae P bmird it e S B ey e el
1 & A . b olasdcl, e — wery sifl, medbom 5
@ | o e e < ) - igh, .::,,.,,;‘ . placcity. ary. win vectieel g
2 sand Thsurs and pockts =
FER Il gy, edbam dense San £l ac ]
11 ll,’ux‘cr\-cenm. norwslostlz, B
— ny
B i o 1 Teet m
Ans gralned below 24 foot et ety s
u|E
A9 A EL
- 10 A1 A2 N
B e s trrtneen, very boome, nar-plastls, dry
L] et 1748555, [l m— 2 EL 6w FL AEAL 5 "
13 bl it s . trowr, very kosa, ELO 17— =" ¥ i I ’§
101540 ..’, ek s = PERT .sn-v. 5 3': x"“':l’l";r R -3
 oma_ e yellwish AL It : - o : i
!;_:; sgw':;cﬂnnl;‘?‘xllsr-lxxm 13123,351 3,08, 1 Bl vellealsn B, gray agudaw very # ¥ gray. vellowth temwm, nd srow, a4
el pla - | s wary silf, moclum Iy, d
=1 metee, whh wand e :'"rh el il g i iy st bt e .|
z e g i e fan a2 s,
3 L ’ llht arary, teceams, an 38 |y
[T g 4 h Erown, m|£ anse io wary g B Li
o Ig- n!s- pellowdeh troen a1 dunsa, Ir-gralemd, we H
v reddlan srown,very il madlum plaikhy -rg_’ i E
e piaes EMEM
b e s and pcksty v pray. veey s, | |54 (55
gt Ll -a"dsvrs
g0 on dllzkensldes ETEE
) LI =25 (§

T FL 883 0 FL 50,5 228 |25 =
rodosr brosn, radbim =, ks E i g¥ =3
dlaciclty, melst, wih slk pockets e 2T

S5F 555>
i B s mo= o
reddleh brown, locae, BEZ E3a
brown ard qr: -el:r.'lc.os-e nencfacile, wel G5f |883:
A13 A4 ::T;o :“H: - 53r |53°8
e T E TR
- Erown, gray ard radd|sh A1 5 A'1 6 £ 3 EHE
Ernwen, sl to nlanly s4F = —
madlum placclty, ELERsmFL R
dry, with sand Assuras dark gray, gray, and El A8 T in Fl jd 7+
redlurm danse E PP :_lial'lbiwlrj'-ery siF, urunri wl-\- loose.
- ” . want Elfedte £l a3 54,7 Hgh plastldty, dry, nor=plastic, dry.
£ = it nareplasde, wal . 100116 32013,48.6 llaht gray and brown, med|am 12,5 "t A58 wilth sand pucksls melst i g i
b {72,621 98.37-15,30 2 71 iy 7 10 £1, 70 cansn, madlum placdchy. dry. —Jac = m z  x
5 15, B 35,2 Nl gray, Eevw, 1w Wi sand pockets 15831157 o —— : S = 2=
E reddlsh brown A= 15. 2011 A% 14,7 ="28,1 llght grxy, tan, and aray. Lray hr:mn. 5 g =B
= locue & derss, - 2115,26-13,43.8 MMH;J Lo = -1_I : reddlzh brown, modlum anc ¥ I_'"_:.wcrnr E = gF
Al . ™20 - gray, medlum dense, danse, o derme, st 1o -u:ry- =4, nigh 2 - .
& 7o ol plesticly. dre e Bl R s e moslum slactilty, dry slasiilly. e, wiin’ iziL 2@
[} b i sand fssures — 2 i Z w
23,7 w18, T =l 505 ¢ zE
|| veddlsh brown and light gr iE2m 5P
st b wary s, Rlgh plac kfl,- 2 ]
o kst with allheredes 5 2
-] E4]
. e = ZE
ol ko ity b pejes A Teua=1 =

Good Data — But can you Compile with other Data easily?




Can you
find
them
quickly?

What does it cost to
replace them?
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Having Boring Log and Lab Database: Saves $%

Current Projects Project List Map
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But a database by itself is NOT ENOUGH

You need a data management system!

You have to think through how data flows
from generation to use on your project
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of En ®
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Construction Data Generation Organization is actually the hard part...

t-grout database

(AECOM)
° Drilling & Grouting
° WPT, Flow Rates, Artesian Pressures
° QA Observations & Notes Geoprocessing
Historical Documents Visualization
e i s s a0 St g e Custom Tools
° As builts

° Historical Grouting Information

e Instrumentation Data

. Boring Logs and Installation Diagrams

US Army Corps
3 of Engineers ® U.S.ARMY




Server

Map Documents (.mxd, sxd)

Plan

N Sections N Profile N

Web Viewers

Using the system on the web, in ArcGIS or in ArcScene

34
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Karst Features

Vertical Solutioning along Joints

LARGE Cave Formation

Core trench was located IN a solutlon feature
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Pine Creek Dam — 3D GIS During Construction
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Mosul A Story Map

And easily compare old data with new data
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Mosul A Story Map

Including OPTV, photos and CCTV
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Section Cut View
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o - - = And deliver more static “printed” maps for reports, analyses and briefings
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4,055,675

Mosul, Groin Depression Investigation

. . ]
InSAR and borings, Plan detall

4,055,670

InSAR and borings, Plan
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Trevi Grout Takes by Section by Order

Sec. 64-70 - Solids: kg/m

We can easily link and automate graphs!
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And you can dellvery quality mformatlon to team mates across the globe
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Hot Spot Analysis (Getis-Ord Gi*) SOUIRHL AL RO =Pt o)

: . L = : . Gi_Bin
Dictermines spatially statistically significant regions of high grout values Cokd Spot - 99% Confidence

= Cold Spol - 5% Confidence

Given a set of weighted features, Cokd Spot - 80% Confidence
" " " " . . e Mot Significant
identifies statistically significant Hot Spot - 80% Confidence

* — Hot Spat - 85% Confidance
hot spots and cold spots using emm ok St - 00% Conidance

=== Original Consiruction Farmaeability Line

the Getis-Ord Gi* statistic

We can also leverage geospatial analyses

J

... and now we have a potential data set for testing machine learning
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ORGANIZE VISUALIZE ANALYZE

Consolidate a variety of Create 20 and 3D GIS features Identify potential hydraulic
borehole data into a simple file from large databases fracturing in grouting time series
structure data

Quickly generate PZ plots for
numerous projects
simultaneously

ok« Tiwhang - eicans | S S —— Bevion B - BeplTon 5 Geologic Section Tools.pyt
_ W '.-:.ch_.::-'. ,;:..,:_-\ 174 |'.-.:i'\-.14f ":I:.\Q'I“;'!n 161630 EATAME = %‘ Fl'l:m SD

g i ' : . 5" Borehole To Section
%' Surface to Section

=) & From Section
%' Section Contacts to Surface Points

%" Borehole To 3D

% Borehole To Profile
%' Points to Section

Get our existing
work out of the flat
2D monitor and into

3D space
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Center Hill Models BUT — We MUST Plan for HOW the data need to be used - [
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OegEs

View  Bookmarks

Table of Contents

Rating

Structure

fain Dam Moneliths
ht Abutment

Nonecw
W [ Monalith
@ [ Monolith Multipatch
Penstock Intake
¥ Monalith
¥ Monolith Multipatch

Bulkhead Gate
Bulkhead Gate Multipatch
Ext:

EENEEREREEE

Mablie Crane (Gantry Crane)
stock Intzke Stilling Basin
¥ Monalith
@ Monalith Multipatch
7 [ Penstock Baffles
= ruction Area

°
I
2

= @ Assembly Bay

@ B Monalith
@ [ Menolith Multipatch
[@ [ Trash Chute

Bluestone Dam

What information?

Fully 3D Data Management Models
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6 Days after this we had our Post Construction Risk Assessment




Some Lessons Learned

You need a DATA MANAGEMENT System — Not just a database
2. Data must be accessible at the “speed of relevance”

3. Paper and files are not enough any more

4. Use the database to distribute data to the right people

5. KEEP YOUR DATA ORGANIZED - Digital chaos happens quickly

6. Talk to people who have done it before!
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7. EXPECT!!! To Change with Technology




8. People are going to expect more.

Access to Water Resources Data

WM Data Dissemination Dashboards and Data Analytics are the Standard = Overview

Dale Hollow Dam
Dale Hollow Dam
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9. Treat data as a shared asset and resource

10. NEVER NEVER NEVER enter data more than once if avoidable

11. Manage the data or it WILL manage you — you need a data management plan
12. Data analysis and data gathering are not the same.

13. Data analysis WILL reveal unknows

14. Monitoring frequency matters

15. Use software that has sharable data

US Army Corps
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16. NEVER let the perfect be the enemy of the good!
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